1,2,3-trisubstituted cyclopropanes as conformationally restricted peptide isosteres: application to the design and synthesis of novel renin inhibitors.
The 1,2,3-trisubstituted cyclopropanes 6 and 7 are the first members of a novel class of isosteric replacements for peptide linkages that are more generally represented by the dipeptide mimics 2 and 3. These unique peptide surrogates are specifically designed to lock a section of a peptide backbone in an extended beta-strand conformation (phi-angle restriction) while simultaneously enforcing one of two specifically defined orientations for the amino acid side chain (chi 1-angle restriction). Methods were first developed for the stereoselective, asymmetric synthesis of the trisubstituted cyclopropanes 15a-d, 18a-d, 22a-d, and 23a-d (Scheme II), by an efficient approach featuring the Rh2(S-MEPY)4 (11) and Rh2(R-MEPY)4 (20) catalyzed cyclization of the allylic diazoacetates 10a-d to give the optically active lactones 12a-d and 21a-d, respectively, in up to greater than or equal to 94% enantiomeric excess. Nucleophilic opening of the lactone ring of 12a-d gave the corresponding morpholine amides 14a-d. By exploiting tactics that allowed for selective epimerization of one of the two functionalized side chains on the cyclopropane nucleus, 14a-d were transformed into the two series of diastereoisomeric morpholine amide carboxylic acids 15a-d and 18a-d. Epimerization of the morpholine amide group on 14a-d followed by Jones oxidation of the intermediate alcohols gave 15a-d. Alternatively, initial oxidation of the primary alcohol groups in 14a-d followed by selective, base-catalyzed inversion alpha to the aldehyde function and then Jones oxidation gave the diastereomeric dicarboxylic acid derivatives 18a-d. In a similar fashion, the enantiomeric lactones 21a-d were converted into the two corresponding enantiomeric series of dicarboxylic acid derivatives 22a-d and 23a-d. Inhibitors of aspartic proteinases, of which renin is a typical example, are known to bind to the enzyme active site cleft in an extended conformation. Thus, in order to evaluate the efficacy of 1,2,3-trisubstituted cyclopropanes as rigid replacements of beta-strand secondary structure in pseudopeptidic ligands, 15a-d, 18a-d, 22a-d, and 23a-d were incorporated at the P3 subsite of the potential renin inhibitors 24a-h and 25a-h by coupling with the tripeptide replacement 8. A significant number of substances inhibited renin at nanomolar concentrations. On the basis of this preliminary test, 1,2,3-trisubstituted cyclopropanes do appear to constitute a viable new class of peptide mimics. Since the stereochemistry at each carbon on the cyclopropane ring may be altered, these novel replacements may also function as stereochemical probes to establish the conformation of pseudopeptide ligands bound to their macromolecular targets.